lymph node metastases after ALND. Conclusions: In 8.5% of the patients with 1 or 2 SLN metastases, ALND detected more than 3 macrometastases, setting the indication for intense dose-dense chemotherapy and SFR. More than 2 SLN metastases, T stage and grading predict lymph node metastases.
Introduction
Breast cancer is the most common cancer in women, with an incidence of about 70,000 cases in Germany per year [1] . The invasive carcinoma of no special type (NST) accounts for about 70-80% of breast cancers. Lobular invasive cancers are less common, comprising only 10-15% of all breast cancers [2] . In most cases with clinically unsuspicious axillary lymph nodes, surgery consists of lumpectomy with axillary sentinel lymph node (SLN) biopsy (SLNB). Due to the strong negative prognostic value of axillary lymph node metastases, axillary lymph node dissection (ALND) used to be performed in patients with clinical lymph node metastases as well as positive SLNB. The rate of ALND decreased over the last decade with persisting variance in clinical practice [3] . The German S3 guideline for breast cancer diagnosis and treatment recommends SLNB for initial axillary operative staging. ALND should be performed in patients with no detectable SLN and in cases with SLN macrometastases [4] .
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Breast cancer · Sentinel node biopsy · Axillary lymph node dissection · Chemotherapy · Axilla treatment · Supraclavicular fossa radiation Summary Background: Most breast cancer patients require lumpectomy with axillary sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (ALND). The ACOSOG Z0011-trial failed to detect significant effects of ALND on disease-free and overall survival among patients with limited sentinel lymph node (SLN) metastases. Intense dose-dense chemotherapy and supraclavicular fossa radiation (SFR) are indicated for patients with extensive axillary metastases. In this multicentered study, we investigated the relevance of ALND after positive SLNB to determine adequate adjuvant therapy. Methods: We retrospectively analyzed data from 1,214 patients with clinically nodal negative T1-T2 invasive breast cancer undergoing surgery at Hanau City Hospital Breast cancer center. Results: 681 patients underwent ALND after SLNB. 20 patients (8.5%) from the group with 1 or 2 SLN metastases (n = 236) showed more than 3 lymph node metastases after ALND. 13 patients (31.7%) from the group with more than 2 SLN metastases (n = 41) were diagnosed with a minimum of 4 axillary
The prospective randomized controlled ACOSOG Z0011 trial changed the view towards ALND [5] . Giuliano and colleagues compared the outcome of patients with T1-T2 breast cancer with or without ALND after detection of SLN metastases and did not find a significant difference in terms of disease-free survival, overall survival and local recurrence of breast cancer. Although the number of patients in the study was not sufficient for statistical significance of that result, it brought forth a discussion on a paradigm shift in breast cancer surgery. Other studies such as the NSABP B04 trial corroborated this result, finding no impact of ALND on overall survival [6] . Even for the subgroup of patients with 3 or more lymph node metastases, no significant difference could be found in terms of overall or disease-free survival in a retrospective data analysis [7] . Rudenstamm et al. [8] compared clinically nodal negative patients with and without ALND and found no difference regarding cancer recurrence and overall patient survival between these 2 groups. Only 1 meta-analysis comprising studies without adjuvant systemic therapy found a 5.4% improvement in overall survival in the ALND subgroup [9] .
Since ALND, compared to SLNB alone, increases postoperative morbidity -such as arm swelling or numbness [10] [11] [12] , axillary surgery should be reduced to the required minimum [13] . Solid tumor treatment generally adapts to the idea of cancer as a cellular disease. According to the cancer stem cell hypothesis, a small subgroup of cancer cells is responsible for metastases and relapse, due to their ability to self-renew and form new tumors [14] . This suggests that the outcome of breast cancer mostly depends on cancer cell characteristics, instead of depending on the potential leftover residual disease, i.e. in the axilla before adjuvant systemic therapy. Nonetheless, the number of axillary lymph node metastases is relevant for the staging of breast cancer lymph node status. A randomized controlled trial of intense dose-dense systemic therapy published by Moebus and colleagues [15, 16] significantly improved both disease-free and overall survival in patients with 4 or more positive axillary lymph nodes. This proved the tendency already found in the CALGB-9741 trial that dose-dense chemotherapy is more effective than conventional regimens [17] .
Axillary lymph node status also impacts adjuvant radiotherapy as a part of breast-conserving surgery. Patients with 4 or more axillary lymph node metastases are recommended to undergo a supraclavicular fossa radiotherapy to reduce local recurrence [18, 19] . The Early Breast Cancer Trialists' Collaborative Group (EBCTCG) had reported that adjuvant radiation of the chest wall, the supraclavicular region and/or the axilla after mastectomy and axillary surgery significantly reduced the rate of recurrence and mortality [20] .
In this multicentered health services research approach, we investigated the axillary lymph node status of breast cancer patients after positive SLNB during initial surgery. The underlying goal was to determine the proportion of patients with an indication for intense dose-dense chemotherapy that would have remained undetected without ALND. We also evaluated the recommendations of the German S3 Guideline concerning ALND in our multicentered patient collective. Since the cited data suggest a less extensive axillary surgery for the future, we sought to determine histopathological characteristics that potentially support the adjuvant therapy indication.
Material and Methods
The study was performed at Hanau City Hospital, Germany. In this multicentered research approach, we retrospectively analyzed data from 1,214 patients diagnosed with T1-T2 invasive breast cancer undergoing primary surgery at Hanau City Hospital Breast Cancer Center and 2 other cooperating German clinics of obstetrics and gynecology (Hanau City Hospital (n = 880); MainKinzig-Hospital, Gelnhausen (n = 226); St. Vinzenz Hospital, Hanau (n = 168) between 1998 and 2011. The SLNB was evaluated and established at Hanau City Hospital [21] and has rapidly become part of daily routine. Rink et al. [22, 23] established standardized protocols for SLN detection and found that scintigraphical visualization of SLNs is influenced by metastatic involvement.
Inclusion criteria for the study were a primary diagnosis of unilateral breast cancer with an unsuspicious nodal status in clinical examination and sonogram and a clinical indication for primary breast cancer surgery with SLNB followed by ALND. Patients with an indication for neoadjuvant chemotherapy were excluded.
The SLNBs were executed according to a 2-day protocol, with tracer-application on day 1 and additional intraoperative Patent Blue application on day 2. The surgery was performed by gynecological breast surgeons in 1 of the 3 clinics. The tracer applications and the histopathological examinations were performed at Klinikum Hanau in the departments of nuclear medicine and pathology, respectively. The SLNs were evaluated on 2-mm sections with hematoxylin/eosin staining (H&E); immunohistochemistry (IHC) was performed until 2004. The respective protocols have already been published [21] [22] [23] .
According to the intraoperative pathological examination, SLN metastases led to ALND (as well as a not detectable sentinel node), with the excision of a minimum of 10 axillary lymph nodes. Since data assessment started in 1998, when SLNB was not a standard procedure, axillary surgical staging was performed by ALND and SLNB in 404 patients even after negative SLNB. ALND was performed only after informed patient agreement in cases with SLN micrometastases. Metastases thus comprised both micro-and macrometastases. The finding of isolated tumor cells (i+) did not lead to ALND. Tumor stage was defined according to the postoperative histopathological examination.
In the statistical analysis, frequencies were calculated for categorical variables. For continuous variables, mean, median, standard deviation, minimum and maximum were reported. The correlation of 2 categories was analyzed using cross-tables and Chi-square-test or Fisher's exact test (for 2 × 2 cross-tables). Differences between a continuous and normally distributed variable in more than 2 groups were calculated by ANOVA with Welch adaptation in case of non-equality. Kruskal-Wallis test was used for non-normally distributed data. The t-test was utilized for calculating differences in 2 groups in continuous and normally distributed variables, in case of non-equality with the help of the Welch adaptation. Logistic regression models were used to investigate the effect on binary outcomes. The effect of each factor was interpreted via odds ratio and p values. A significance level of 5% was used. All statistical analyses were conducted with SPSS version 22 (IBM, Armonk, USA).
The data for this study were acquired for quality assurance. The local ethics committee had no objections to the retrospective analysis of such information.
Results
Of the 1,214 patients with T1-T2 primary breast cancer screened, 851 showed T1 tumors, and 363 showed T2 breast cancers. Patients' age was between 27 No SLN was detected in 56 cases. A mean of 2.6 SLNs were excised (SD 1.846). If ALND was performed, 11.04 (SD 8.525) lymph nodes were excised. This led to an overall number of excised lymph nodes of 14.02 (SD 8.938). 865 (74.7%, 865/1,158) patients showed a negative SLN status, whereas 293 patients (25.3%) were diagnosed with SLN metastasis (including 64 (5.5%) cases with 1 to a maximum of 3 lymph nodes with micrometastases). In cases with macrometastases (n = 229), a mean of 1.73 positive lymph nodes were excised (SD 1.099) during SLNB.
Age significantly correlated with axillary lymph node metastases: Patients without axillary lymph node metastases had a mean age of 62.05 years (SD 11.766), while patients with axillary lymph node metastases had a mean age of 60.37 years (SD 12.850) (p = 0.049).
We analyzed the correlation of the histopathological TNM tumor stage (pT1-pT2) and SLN metastases. As expected, an increasing tumor size, corresponding with higher T stage, significantly correlated with lymph node metastases in both SLNB and ALND (p < 0.001). Higher tumor cell grading showed a highly significant/significant correlation to lymph node metastases in both SLNB and ALND (p = 0.008/p = 0.048).
Lymphangiosis carcinomatosa in primary tumors was associated with axillary lymph node metastases (p < 0.001, data not shown). In contrast, neither estrogen nor progesterone receptor expression correlated with axillary metastatic disease regardless of the respective tumor stage.
ALND was performed in 277 cases of SLN metastasis detection and in 404 cases even after negative SLNB, resulting in 681 patients recieving ALND after SLNB. 56 patients underwent ALND because no SLN was detectable making a total number of 737 patients with ALND. 95.2% (648/681) of patients showed a maximum of 3 axillary lymph node metastases. Thus, the overall number of positive lymph nodes was 1.38 (minimum 0, maximum 33, SD 3.697).
In the group with 1 or 2 metastases in SLNB, 20 patients (8.5%) showed more than 3 axillary lymph node metastases. In the group with more than 2 metastases in SLNB, 13 cases (31.7%, 13/41) showed more than 3 axillary lymph node metastases. Alltogether, 33 patients (4.8% of the 681 patients who underwent ALND after SLNB) were diagnosed with more than 3 axillary lymph node metastases. We sought to determine the likelihood of further lymph node metastases from SLNB results and individual patient data as well as histopathological information. The respective nomogram for the subgroup with 0-2 metastases in SLNB is presented in figure 1 , from which the likelihood of further lymph node metastases according to the patients' individual characteristics can be calculated.
Discussion
Axillary surgery in clinically node-negative, early-stage breast cancer is still hotly debated after publication of the ACOSOG Z0011 trial data [5, 24] . Of the 1,214 patients with primary T1-T2 breast cancer included in our study, 737 underwent ALND, 681 of them after SLNB. Since the data also included those for patients with ALND without positive SLNB, this study provides a special focus on the effects of omitting ALND for adjuvant treatment.
Our data collection started in the soon after the establishment of SLNB [21] . Since that time, numerous randomized controlled multicenter trials confirmed the performance and precision of SLNB as a surgical axillary staging procedure. This enabled the routine clinical application of the technique [25, 26] . The SLN identification rate ranged from 95% to 98.7%. The detection rate in our study (95.4%) thus lies within this range.
We found a SLN-positive rate of 25.3% (including 5.5% cases with micrometastases). Other groups reported lower rates of between 13% [27] and 17.6% [28] ; however, another German group recently published a comparable SLN-positive rate of 21.1% [29] . The rate of positive SLN is expected to decrease in the era of breast cancer screening. Therefore, not only the role of ALND but also that of SLNB itself is under discussion. Increasingly precise and efficient preoperative axillary imaging still misses about 25% of axillary metastatic disease -especially in cases with metastases of 5 mm and thus below the level of detection [29] . Wang et al. [30] recently published a meta-analysis that not only reported SLNB false-negative rates of up to 22.9%, but also failed to find significantly different rates in overall survival, disease-free survival and local axillary recurrence with SLNB alone versus ALND. Zetterlund and colleagues [31] found axillary metastases after neoadjuvant chemotherapy in 7.4% of patients with negative SLNB before chemotherapy, giving a hint to potential false-negative SLNB. A recent meta-analysis revealed an overall SLNB false-negative rate of only 8.61% [32] .
Four prospective trials randomized breast cancer patients with clinically unsuspicious axilla to standard axillary surgery versus no axillary surgery. These studies, however, showed a low overall rate of axillary recurrence in both groups, although axillary lymph node involvement was detected in 23-40% of the cases (in the ALND group). No significant differences were detected in terms of disease-free survival and overall survival [24] . These data indicate that omitting axillary surgery in patients with clinically and also diagnostically unsuspicious axilla seems to be a safe option. Further studies are needed to predict potential patient subgroups profiting from axillary surgery.
However, in our group of patients with 1-2 SLN metastases, 20 patients (8.5%, 20/236) finally showed more than 3 axillary lymph node metastases in ALND. In the group with more than 2 metastases in SLNB, 13 patients (31.7%, 13/41) were diagnosed more than 3 axillary lymph node metastases in ALND. Our data support the strong correlation between high tumor grading, tumor size, lymphangiosis carcinomatosa and axillary metastatic disease.
These results highlight that in our study cohort with clinically unsuspicious axilla, a substantial number of patients would not have met the indication for intense dose-dense systemic adjuvant therapy and supraclavicular fossa radiotherapy without ALND. Furthermore, our study indicates that more than 2 positive SLNs are a strong predictor for extensive axillary lymph node metastases.
Since the German breast cancer guidelines give the option of omitting ALND in cases with clinically unsuspicious lymph node status [4] , the above-mentioned tumor characteristics should be taken into account for treatment planning. Further studies are also needed to define subgroups of patients who do not profit from any axillary treatment. Interesting insights are expected from the ongoing German-Austrian INSEMA trial. Patients with 1-2 positive SLNs were randomized to SLNB alone versus ALND [24] . Adjuvant radiotherapy has also been shown to improve the outcome for patients with 1-3 lymph node metastases; the EBCTCG published evidence for the reduction of mortality and local recurrence using lymph node radiation after mastectomy and axillary surgery.
Our data highlight the role of risk factors for axillary metastatic disease that have to be taken into account for potential axillary surgery, since intense dose-dense adjuvant systemic chemotherapy has proved its effectiveness in high-risk patient subgroups [15] [16] [17] . ALND should not be considered a therapeutic operative procedure. We still think that ALND is highly relevant for adequate operative staging to indicate the optimal adjuvant therapy. This may be intense dose-dense chemotherapy or lymph node radiation. These therapies can only be indicated when ALND is performed. Our data highlight the role of ALND even with clinically unsuspicious axilla. Incorporating this approach in treatment concepts, guideline-adherent performance of ALND in breast cancer patients can thus both improve patient outcome and reduce postoperative morbidity.
In conclusion, the side effects of ALND causing increased patient morbidity are well known. We provide evidence that ALND after positive SLNB is highly relevant as a staging procedure even with clinically unsuspicious axilla. The number of excised lymph nodes should not exceed the number needed for adjuvant therapy indication, since the identification of the high-risk patient subgroup with more than 3 positive axillary lymph nodes can significantly increase the disease-free and overall survival rates. Both aspects should be taken into account using the SLNB technique.
